Molecular dynamics simulation of the membrane binding and disruption mechanisms by antimicrobial scorpion venom-derived peptides.
Pandinin 2 (Pin2) is an alpha-helical polycationic peptide, identified and characterized from venom of the African scorpion Pandinus imperator with high antimicrobial activity against Gram-positive bacteria and less active against Gram-negative bacteria, however it has demonstrated strong hemolytic activity against sheep red blood cells. In the chemically synthesized Pin2GVG analog, the GVG motif grants it low hemolytic activity while keeping its antimicrobial activity. In this work, we performed 12 μs all-atom molecular dynamics simulation of the antimicrobial peptides (AMPs) Pin2 and Pin2GVG to explore their adsorption mechanism and the role of their constituent amino acid residues when interacting with pure POPC and pure POPG membrane bilayers. Starting from an α-helical conformation, both AMPs are attracted at different rates to the POPC and POPG bilayer surfaces due to the electrostatic interaction between the positively charged amino acid residues and the charged moieties of the membranes. Since POPG is an anionic membrane, the PAMs adhesion is stronger to the POPG membrane than to the POPC membrane and they are stabilized more rapidly. This study reveals that, before the insertion begins, Pin2 and Pin2GVG remained partially folded in the POPC surface during the first 300 and 600 ns, respectively, while they are mostly unfolded in the POPG surface during most of the simulation time. The unfolded structures provide for a large number of intermolecular hydrogen bonds and stronger electrostatic interactions with the POPG surface. The results show that the aromatic residues at the N-terminus of Pin2 initiate the insertion process in both POPC and POPG bilayers. As for Pin2GVG in POPC the C-terminus residues seem to initiate the insertion process while in POPG this process seems to be slowed down due to a strong electrostatic attraction. The membrane conformational effects upon PAMs binding are measured in terms of the area per lipid and the contact surface area. Several replicas of the systems lead to the same observations.